Abstract. Composted poultry litter (CPL) may be applied as a mulch in fruit orchards to manage waste and to provide a slow-release nutrient source and weed control. With proper management, poultry manure and bedding (lit ter) can prevent en vi ron men tal degradation, such as hypoxia in aquat ic communities. Peach (Prunus persica L. 'Sunhigh ) plots all re ceived preemergence her bi cides in May and then the following treat ments in June 1998: commercial fertilizer (N at 15 g·m -2 ), low rate CPL (N at 15 g·m -2 as CPL at 2.9 kg·m -2 ), high rate CPL (N at 62 g·m -2 as CPL at 11.6 kg·m -2 ), and no fertilizer or mulch control. Weeds were completely controlled by mulch and her bi cide during 1998 but not during 1999. By Sept. 1999, the high rate of CPL had only 27% weed cover compared with 86% for the com mer cial fertilizer-treated plots. Soil N was highest (NH 4 -N and NO 3 -N at 16.4 and 18.6 mg·kg -1 soil, respectively) in plots treated with commercial fer til iz er, 6 weeks after treat ment (WAT). Soil N did not differ among the two CPL treatments and the control at any time. At the high rate of CPL, there was NH 4 -N and NO 3 -N at 3.2 and 0.7 mg·kg -1 soil, respectively, at 6 WAT. Water-ex tract able P (WEP) in the soil did not differ among the CPL and com mer cial fertilizer treatments at 6 WAT (P at 14 mg·kg -1 soil). How ev er, at 47 WAT, plots with the high rate of CPL had significantly high er WEP, with P at 30 mg·kg -1 soil vs. 14 mg·kg -1 soil in plots treated with com mer cial fertilizer. High ap pli ca tions of CPL could elevate P in sur face runoff to levels that cause en vi ronmen tal deg ra da tion. In gen er al, Mehlich 1-extractable P (MEP) did not differ among the CPL-and fer til iz er-treated plots (av er ag ing P at 45 mg·kg -1 soil). MEP was lowest in control plots (averaging P at 21 mg·kg -1 soil). Results in di cate that CPL could be used as a weed suppressant with out ad verse ly af fect ing N release to the en vi ron ment; how ev er, P con cen tra tion in soil wa ter may be prob lem at ic.
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as safe by the public. Weeds were successfully controlled with organic mulches in California, which included use of woodchip waste in young pecan trees and composted poultry manure in an organic apple orchard (Smith et al., 2000; Swezey et al., 1998) . Mulching crops with organic material such as poultry litter could help solve two problems of poultry farming and sustainable agriculture: proper disposal of waste, and weed control with reduced use of herbicides. About 13 million Mg of poultry litter and manure were produced in the United States in 1990, and the increasing amounts of this waste can not be disposed of in landfills or crops close to the site of origin (Eddy, 2000; Moore et al., 1998) . Orchards that are managed with trees in weed-free strips and alternated with grass travel alleys may be well suited for mulch applications of composted manures. Composted manure mulch applied to weed-free strips could reduce use of synthetic her bi cides and fertilizers, while surface runoff of nutrients may be reduced by the grass alleys if planted following land contours.
Organic mulches made with manures that are rich in nutrients may release significant quantities of nutrients if they are not managed properly (National Resource, Agriculture, and Engineering Ser vice, 1999) . Composting can reduce release of nutrients, such as N, from organic mulch, and composted manures may release nutrients more slowly than syn thet ic fertilizers (Swezey et al., 1998) . Man ag ing N and P release from field applications of composted manures can be highly im por tant because both N and P can contribute to eutrophication of freshwater and marine ec o sys tems (Laws, 1993) . The objectives of this study were to determine the effect of poultry litter application as a mulch below peach trees on weed control, peach yield, and soil N and P concentrations.
Materials and Methods
Peach trees ('Sunhigh on 'Lovell rootstock) were planted in Mar. 1988 in Hagerstown silt loam (fine, mixed semiactive mesic Typic Hapludalf) us ing a 5 × 5 m spacing near Kearneysville, W.Va. Trees were pruned to an open center each winter. Trees were not irrigated or thinned during the experiment but pests were managed based on regional recommendations (Pfeiffer, 1998) . A 3-m-wide weed-free strip was main tained beneath the trees with 1 kg·ha as CPL at 11.6 kg·m -2 to a depth of 10 cm); and no fertilizer or CPL (control). The low rate of application was the equivalent of N and P at 150 and 86 kg·ha -1 , respectively. The high rate of CPL was equivalent to N and P at 601 and 343 kg·ha -1 , respectively. Herbicides were not used after treatments were applied.
The CPL was obtained from the Potomac Valley Conservation Facility in Moorefield, W.Va. At this facility, mixtures of fresh turkey (Meleagris gallopavo) and chicken (Gallus gallus domesticus) (broiler) litters were combined with hardwood chips to adjust the C:N ratio to 60:1. This mixture was kept under a roofed structure in windrows that were turned and mixed for aeration once a week. The moisture level in the mixture was maintained at 50% (on a dry weight basis) for 3 months by adding water as necessary.
Soil N and P, weed abundance, and peach leaf N were measured during 1998 and 1999. Soil samples in the peach orchard were collect ed with a 2.5-cm-diameter soil probe at three random places from 0-to 10-cm depth beneath each tree at 6, 10, 47, and 63 weeks after treatment (WAT). Care was used not to include CPL in the sample. The three samples per plot were pooled and stored frozen until analysis for NH 4 -N, NO 3 -N, water-extractable phosphorus (WEP), and Mehlich 1-extractable Orchard floor management should in te grate tactics to enhance fruit tree productivity and to protect natural resources. In peach orchards, weed management may include her bi cides, tillage, and mulch (Tisdall, 1989) . Herbicides and tillage effectively control weeds but resulting residues and reduced soil organic matter have decreased tree growth in replanted orchards (Tworkoski and Miller, 2001 ). In addition, herbicide availability and use could decrease due to the Food Quality Protection Act (1996) and to public resistance to agro chem i cals.
There is renewed interest in mulching for weed suppression because organic materials, such as manure, are abundant and are per ceived phosphorus (MEP). Two P assays were used to evaluate potential environmentally labile P (WEP) and plant available P (MEP).
Soil N was measured by shaking 5 g soil with 40 mL 2 M KCL for 1 h (Keeney and Nelson, 1982) . Following centrifugation, the supernatant was removed and analyzed col o ri met ri cal ly with a Bran and Luebbe autoanalyzer (Buffalo Grove, Ill.). Am mo ni um and nitrate were measured by the method of Markus et al. (1985) . Plant-available soil P (MEP) was mea sured by shaking 5 g of soil with 20 mL 0.05 M HCL and 0.025 M H 2 SO 4 for 5 min (Mehlich 1953) . The suspensions then were centrifuged for 15 min (3500 rpm) and filtered (Whatman 42, Whatman International Ltd., Maidstone, England). Water-extractable phosphorus was measured by shaking 1 g soil extracted with 25 mL water for 1 h. The suspensions were centrifuged at 3500 rpm and filtered through 0.45-µm nylon filters. Phosphorus in the supernatant was measured as ortho PO 4 with a Bran and Luebbe Autoanalyzer by Method 696 B-82W (Olson and Sommers, 1982; Tan, 1996) .
Leaf N concentration was measured in composite samples of 30 peach leaves collect ed from each tree during the 1998 and 1999 growing seasons. Leaves were dried at 60 °C, ground to pass a 2-mm sieve, and N con cen tra tion was determined with a Nitrogen Determinator (LECO Corp., Model FP-228, St. Joseph, Mich.).
Weed control was estimated visually by two people as the percent ground area covered by weeds beneath each tree each month during the 1998 and 1999 growing seasons. The most prevalent weeds were nodding chickweed (Stellaria longifolia Muhl.), yellow sweet clo ver The design of the experiment was a ran dom ized complete block with single tree ex per i men tal units and five replications, for a total of 20 experimental units. Each ex per i men tal unit consisted of a 3 × 10 m plot beneath one tree. Treatment effects were evaluated by analysis of variance and means were separated using the Bonferroni (Dunn) t test (SAS Institute, 1991) .
Results and Discussion
Nitrogen. At 6 WAT, soil treated with commercial fertilizer had at least 4× more NH 4 -N and 16× more NO 3 -N than CPL-treated soil (Table 1) . By 10 WAT, both NH 4 -N and NO 3 -N concentrations decreased by 50% in soil treated with commercial fertilizer. At 47 WAT, NH 4 -N was not detected and NO 3 -N did not differ between plots receiving CPL, commercial fer til iz er, and control. Soil NH 4 -N and NO 3 -N concentrations were the same in control and CPL-treated plots at each sampling time. There fore, CPL contributed little or no sus tained inorganic N to soil when it was applied as a mulch.
In a related mineralization study where the same CPL was mixed with the same soil found in the orchard in the current study, the CPL N mineralization rates were low, in the range of 5% to 8% over 16 weeks (Preusch, 2000; Preusch et al., 2002) . Mineralization of organic N from other composted manures was 4% in 16 weeks (Hartz et al., 2000) . The low soil N found in the current experiment was thus probably due to low mineralization rates, N immobilization into organic matter, and N uptake by the tree. In addition, substantial NH 3 volatilization has been found when poul try litter was applied to soil surface (Carreker et al., 1973) . These findings may not apply in all systems, since N availability in organic agricultural practices varies with soils, cli mate, and crops (Clark et al., 1999) . Hartz et al. (2000) found low N min er aliza tion rates in composts and suggested that long-term, repeated applications of composts might be necessary to increase soil N. proposed that supplemental fertilizer N may be needed for container-grown plants amended with composted turkey litter. In another report, found that composted turkey litter released adequate P but not N for container-grown plant pro duc tion. Based on our work discussed below, P availability should be considered with N min er al iza tion when CPL is used for nutrient management in a fruit orchard.
Peach leaf N concentration was highest in commercial fertilizer treatments until 47 WAT, when there was no difference among all treatments (Table 2 ). Leaf N in the CPL-treated trees was higher than control at only 6 WAT. This result may have been due to a high release of NH 4 -N within 4 weeks of application that was seen in a related mineralization experiment (Preusch et al., 2002) , which would not have been detected at the 6 WAT soil sampling time used in the current experiment.
Phosphorus. Water-extractable P in the peach orchard soil samples did not differ among the CPL and fertilizer treatments at 6 WAT; however, at 47 WAT, the high rate of CPL application yielded P at 30 mg·g -1 soil compared with P at 14 mg·g -1 soil in commercial fertilizer treatments (Table 3 ). There was a CPL rate effect at 47 and 63 WAT with WEP from the low rate of CPL being about half of the WEP from the high rate of CPL. It is possible that high WEP from CPL mulch may lead to great er P in surface runoff and have adverse en vi ron men tal consequences, such as accelerated eutroph i ca tion of lakes (Pote et al., 1996) . However, runoff was not measured, and grass-covered travel alleys adjacent to mulchtreat ed plots may reduce P loss.
Mehlich 1-extractable P was greatest at 47 WAT (P at 55.3 µg·g -1 soil) in plots treated with Within each column, means followed by the same letter do not differ at P 0.05.
the high rate of CPL (Table 3 ). There was no CPL rate effect on MEP extracted from soil. Soil mulched with CPL sometimes had sub stantial ly higher WEP and MEP than control soil. Therefore, CPL may contribute sig nificant P to soil when it is applied as a mulch. In previous research, composted chicken ma nure increased soil P concentration but did not affect soil NO 3 and NH 4 concentrations when applied to organic apple orchards in Colorado (Davis et al. 2001) . Swezey et al. (1998) found higher leaf P concentrations in apple trees that were mulched with poultry litter than in unmulched trees. We did not measure leaf P concentration, but enhanced P uptake might be expected by peach trees receiving high rates of CPL. Weed abundance. Weeds were completely controlled in all treatments during 1998, proba bly due to the early-season herbicide ap plica tion (data not shown). In 1999, the low rate CPL-treated plots and control plots had high weed abundance similar to the commercial fertilizer plots (Table 4) . Weed abundance was reduced by the high rate of CPL. These results are similar to Swezey et al. (1998) , who found mulched orchards suppressed weed growth. In the current experiment, weeds were emerging through the mulch applied at the high rate by the end of the 1999 growing season, so the suppression effect may be tem po rary.
Weeds that grew through the high rate of CPL were robust and would likely require management in addition to the CPL mulch. These results are similar to those of Niggli et al. (1990) , who found that litter compost did not provide adequate weed control in an apple orchard, but did improve soil organic matter and reduce N in the soil solution, compared with bare soil. An organic mulch groundcover in an orchard can interfere with weed growth by changing soil surface conditions, but it may also promote weed growth by pro vid ing nutrients to weeds that emerge through the mulch. In the current experiment, the high rate of CPL suppressed weeds through the second season after application. Herbicide or mechanical control could be included during the third season.
Peach yield. In 1998, the number and weight of fruit in the size class >5.7 cm were not affected by treatments (averaging 276 fruit in this size class per tree, with a weight of 38 kg per tree) (Table 5 ). In 1999, the number and weight of fruit in the size class >5.7 cm again were not affected by treatments (averaging 244 fruit in this size class per tree, with a weight of 45 kg per tree). This suggests that soil nutrient levels were sufficient to sustain yield, that weeds were not interfering with growth, and that mulching with CPL did not adversely affect or improve limiting soil nutrients and yield. The suf ficien cy range for peach tree N concentration in the mid-Atlantic region is 2.50% to 3.40% nitrogen (Crasswell and Greene 1995) . Peach leaf nitrogen was near this range for all treat ments. Swezey et al. (1998) found that mulch ing apple trees with composted poultry ma nure did not control weeds as well as her bi cid al weed management but, as in this study, yield was not reduced by weed competition in the organically managed trees. Our yield and fruit weight results were similar to a study in Fresno County, Calif., in which there was no significant difference in peach tree yield for eight treatments of different manures and com posts that were disked into the soil in a peach orchard (Andris et al., 1997) . In any orchard, it is likely that weed competition could reduce yield if edaphic resources like N or water were to drop to levels insufficient for fruit pro duc tion.
During the first year of this experiment, soil N and peach leaf N concentration was lower in the CPL than in the commercial fertilizer treatments. During the second year after treatment, soil N had decreased in all treatments and only the higher rate of CPL provided weed control. Although yield was the same for all treat ments, it is likely that additional N fertilizer and weed suppression would be necessary to ensure peach tree yield. More or larger ap pli ca tions of CPL could be used but the WEP from high rates of Table 3 . Water-extractable P (WEP) and in soil col lect ed at 6, 10, 47, and 63 weeks after composted poultry litter (CPL) mulch application in June 1998 beneath 'Sunhigh peach trees. Within each column, means followed by the same letter do not differ at P 0.05. CPL can increase with time, suggesting that P from CPL could be in runoff. This work demonstrated that CPL can be ap plied as mulch to suppress weeds and provide N but release of P, and possibly other nutrients, should be more clearly elucidated.
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